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13AISNC The total plasma bilizubin concentration (Br) increased by 23 r.)~ -334% jir 12
individuals (10 healthy volunteers and 2 patients with Gilberr't svnazimm) who
.Easted for Ito 3 days. Eighty-six per cenc of th-e rizý, ji vz~s !'-ue zc an 10-
crease in plasma unconjugated biiirubin. The per~.en~.-av, a :B did n~ot
correlaite with the magnitude ot th!.± base I inu coal. ;xt. ir~ IC~ n .- Tb th r
biR-'H in 5 subjects showed that the henuitic cleirEziae of ~r b.. om Zhe plazina Z

(r)was reduced by 248 to 54% 2 rn atnS.c~~l ~t~ x eL r
The ratio of the vlasma biliiýubiin turntuGve da.riuzz fa--,rr Tng that i:x: bitee itze
-34-ate wais 0. 99 t 0. 16 (mean -- SD) f I theise f.41 --e I nely.,drAist rxd3 -EXnr iha- ~n-
cr-!ased plasma billrubin turnover did r-at t-unt-L-i-hlte tot he tia-& in Br ýn 5 iiddl-

.i -nai subjects the mean chcange, in carbon moni-ide produtýfr :.icn th f. ~tztig was orly
+24%, vhereas Br 7increased by 1881. Furthcr *Cs*e- were 1-nz t-.Ke n

d~ ecreases with fasting. The plasma disappe&arnce rate ot in~.iegreen in
5 subjects after a -48-hr fast w4a- unchanged fz~iu base lime- *Niu-ie nk: sO Gunn
rats had a1± 0 mean - SE) inr~cease in Er over control --. tn 8 hLo
fasting. Bilirubin- H clear-auce stiudiea in 2 hcmozygouo Gur~n -az ecan-stated 43
and ti.? decrertses in the whole body clearance of bilizub~n du- i .g .. zi, with
retlarn to control rare. on refeeding. MultmA arena Xn. j - ima

4- 1 -. jb 1n clearance data showed that. the ratio of the hr-pa rf 1_1
pls!ý- '1-1irubin pool- decreased du-ii~g fasting. Thev~e Au'
vw-th the hy-pothesis that C& dececa~e witth fztý-ng t :ak!
abli"Lry to extract bl"Litub~at "r' 1-c
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STUDIES ON THE MECHANISM OF FASTING HYPERBILIRUBINEMIA

1--izA~t) NAniAmwI. I. l1vatum M.D.. P~sib.

Natjinal Cancer Insitute. National Institutes of Health: Nat,'. Medical R "Gch ln.,s,.ttte.
Bethe.,da. Mafrland: and tlarbor General hlopitol. Torrance. CaliforniaIA

The total plasma bilirubin concentration (Br) increased by 23 to 434",
in 12 individuaL' (10 healthy volunteers and 2 patients with Gilbert's
syndrome) who fasted for I to 3 days. Eighty-six per cent of the rise inBr ums due to an increase in plasma uncurnjugated bilirubin. The per.
centage increase in Br did not correlate with the magnitude of the base
line concentration. Studies with bilirubin-+H in 5 subjects showed
that the hepatic clearance of bilirubin from the plasma (C.,) was re-
duced by 28 to -541*i during fasting, accounting for the increase in Br.
The ratio of the plasma bilirubin turnover during fastine to that
in base line state was 0.949 - 0 t6 (mean - sD) for these five individuals.
indicating that increased plt sma bilirubin turnover did not contribute
to the rise in Br. In 5 additional subjects the mean change in carbon
monoxide production with fasting was only +24'. whereas Br increased
by 188c;. Further studies were done to determine why C t decreases
with fasting. The plasma disappearance rate of indocyanine green in
5 subjects after a 48-hr fast was unchanged from base line. Nine homo-
zygous Gunn rats had a 41 - 10', (mean "-_ sF) increase in Br over con-
trol values witv 48 hr of fasting. Bilirubin-'H clearange studies in 2
homzygous Gmh 1 rats demonstrated 43 and 44r, decreases in the
whole body clearance of bilirubin during fasting, with return to control
rates on refeeding. Multicompartmental a-alysis of the human bilirubin
clearance data showed that the ratio of the hepatic bilirubin pool to
plasma bilirubin pool decreased during fasting. These results are most
consistent with the hypothesis that C", decreases with fasting becaus-we
of reduced hepatic ability to extract bilirubin from the plasma.

The effect of caloric intake on the serum tration was higher when individual. were
bilirubin concentration wras noted as early fasting. More recently. Barrett: and Fel-
as 1906 by Gilbert and Herscher. I[They -her et al.3 have shown that caloric restric-
observed that the serum bilirmhin concen- tion for 24 to 48 hr causes a significant in-
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crease in the serum bilirubin concentration The biliruni.3t-l_- clearance data were also
of both normal 'indt'alts and p~atients analyzed by mult icompartnmental annlysi% in
with a variety ft of ofIVnicdsuc terras of a thireepfool model prrvious.ly de~scribed
tion. byv Berk et al.* In this modlel the plasma poxol of

This inwei.stigatioit was designed to de- uncoinjugated bilirubin is. considered to ex-
terrinethemechnis reponsbleforthe change with a hepatic hilirubin INN)l and extra.

hvperbiliruhinemta of fasting. The resultsvaclrxtheaiblihn sl.Tepl
sizes and fractionai transfer rates between pool~sI ~~~~~indicate that hepatic clearance of hilirubin wr eennd

front the plasma decreases during fasting. l abeled bilirubin clearance studies. in homo.
causing the increase in the pIasnia bilirubin zygoiu: Gunn rats were (toine with bilirubun-'l
concentration. Additional s-tudie,- were dissolved in male Sprague-IDawley rat plasma.
done to determine why hepatic hiliruhini The soluition (0.5 to 1.0 ml). con'taining 0.1 to -
clearance is alteted by fasting. (0.2 ir, ot osiarubin. uwis injected intit a tail veir..

I'la-ma samples. for maiioactivity were obtained
Methods fIrcm hitood collected at the end of the tail in

Plasma hilirubin concentratioms in hienan heparinized micro-blood collecting tubes.
.subjects were mensuired by the method of W'eher The rate of carbion monoxide production in

andSchlm. Plsmab~!rubn cnc sr~i'n in human subjects was measured in a closed re-
homozygus Glunn rass were measured hky #he u ytm h ehd rClsne

.etho alf ando ndEe~n'~ Rodkey et al.,o were usi-d.
ml~ ~ ~ ~ ~ ~ ~ ~~~~l ofb'o olce rmti alvi np~mm disappeairanice rate of indo.

pruni o egd mcroblleotd rolltetn tubl es n iAnhu manine green (ICGJ in human subjects wit5 de-heprinzedmicc-lvi colecin tues Arturtermined by the method of Cherrick et a[." f
H. hoas o. Phlaelpia ~following intravenous administratioin h6.5 mg JThe plasma disaploc-arance rate of bili. e- go oywih)

iubinq-31- in louman subjects %-as. determined Ther kg te ofnitlweigt)o.a iewsdtrie

fo~wun~ ntrr'eou adinitrtio ~f15so 10as the difference between the wet weight and
Wc of hilirubin-.IH in 0.-5 mg of ihirubin. cusing h r egto irw h rti otn

the ethds o Barettet l.~ nd erk t iI' was -neastired (on trichloroacetiz: acid precipi-
The following indices tif bilirubin metabolism sates (if liver hotmogenates by the miethod -)f
were calculated from parameters of the plasmna Lowry et al.12 B;iirubun glucununyl traniterase 7
disappearance curve of bhifruhin-3K and the . i ie
pla-sma ecompetration of onconlugased biliruhin Spvi ho-eae fron malSpr Q lawey Tats vas measured by the
(PBr)- 1: (Ni p,~. the volurne of plas-ma cleared mehooiaace a.
of uncorijugased biliruhin each mintite by the ehio' ktal
liver. (2) BRT. the plasma bilirubin turnotver in Sbet
milligrams per day: and 13) the percentage rt-
tenflon (if labeled biliruhun in the plasma at 4 hr. Twelve individuals part icipated in these

studies. Al: individuals except H. G. and K. S.
Cm, (ml per min) in'tial distribution volume %%e-e healthy volianteers. H. G. had (7ilber~s,

of biliruhin.'H- X -Nyndrome and an undefined congenital hermi-
I lvtic anemia (red cell life spani measured with

area tinder bilirubin-3H pla-4ma disappwatance tritint-l diisoprop;ylfiunrtiphosphase wie 'M
curve (I) days'). K. S. had CGilbertfs sy-ndrome. Informun)

BRT ting per d4y) Curlintl per midni ivmint was tibta-'netl from. each individual.
During periods (If fastingt both human subhjects

x 47(n prm and rats und--rwent toaal caloric restrict int. with
101ma er ml o1ly water Intake allowed. During base line

x I-t00 (mini per day) studies the human subjects were on an cre lib.A
(21 itum die;, and rats were fed unlimited Purina

______________________ rat chow.

New lhavrn Ht~vitat. New Itaven. ('onneotitut Results
065 14.

'the tutbors tharti Mr. .j.- Vz=i - ffmx.~. The plaitma bilirubin concentSraition of
0&i4i'nn and% 34mh (YNtl for their avixac in Pet ech individual rose with caloric resirictuon
fnrnuing these -ctudims and Mi-, Teri Mill. for Iwraa (talics I to :1). The percentage increase itn
tin (If *-'. vurý-uip. the biliruhin concentratioi did not correlate
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with the magnitude of the base line value G. was constant over the first 15 hr of the
(r = 0.19). Eighty-six per cent (range: 69 fasting biliruhin-3H clearance study, but
to 9W', ) of the increase in the total plasma then increased by 28•', during the last 9 hr
bilirubin concentration was due to an in- 4f the study. However, the measurementc~rease in the unconjugated fraction. Th~e (if hepatic biliruhin clearance wa., well de-
greatest increase ocxcurred during the firsti termined in this subject (uncertainty in the
'24 to A4 hr of fasting. with a smaller in- measurement wa =-5" 1
crease over the sultsequent 24 hr of fasting. Ile difference between the p las•ma disap-

The plasma bilirubin concentration in each pearance of lFlirubin-3 H in the base line
individual returned .o the hase line value state compared with that during fasting is
within 24 to 48 hr of refeeding. shown in figure 1. Indices of bilirubin

The results of bilirubin-3H clearance metabolism obtained from parameters of
studies in 5 subjects in the base line state the curves are givea in table 1. In each in-
as compared with fasting are shown in table dividual the hepatic clearance if unconju-
I. The fasting bilirubin-'H clearance study gated hilirubin decreased during fasting.
was started after 40 to 57 hr of total caloric and the plasma retention of labeled bili-
restriction. Caloric restriction was co-- rubin at 4 hr increased. The average uncer-
tinued for the duration of the study (an tainty in the clearance measurement for the
additional 24 to 30 hrl. In four of the in- 5 subiects wa.q 8 r, both during base line
dividuals the plasma bilirubin concentra- state and fisting.A The decreases in hepatic
tion luhd reached a new constant level by bilirubin clearance (by 28 to 54,1' ac-
the time the fasting bilirubin-.H clearance counted ftr the increases in the plasma
-study was started (the ratios of the plasma unconjugated biliruhin concentration. The
bilirubin concentrations at the end of the ratio ef the plasma bilirubin ttirnoer
study to those at the beginning were 0.89. during fasting ti that during base line was
0.99. 1.00. and 1.09i "hLs indicates that a 0.99 0.16 (mean ± so) for the 5 sujects,
new steady state with respect to tr.c- plasma indicating that an increase in plasma hili-
hilirubin concentration was present during rubin tumrover did not contribute to the
the fasting hilirubin--H clearance study. increase in the plasma unconjugated bih.
The pilasma bilirubin concentration in H. rubin concentration. The increase in

Sin~- -e atc

"rstux. 1. M~ir., WI inmq lrn.edaa

Sll~~rl•.= L'-Wý & hr '.'m

01. h.04e 0.f1)2 0 0.0I .:1 00 4, 4 270
n.,k 0.L uu.S6 0,X 2: " 2j5

S. •. 'e Ine 0.8 0.0i 1 0.81 OXt '0s
S Fatin• fis.:n O.! !..7,a ti-• I i .17 391

R. C. IU',r lin~e o 0,5 0.01 0.9 K t0.7t. :!9. 9 .ria Pin.- 0.14 0. 0311 1.. 17 10.7 2 V

K. S. Wi.e line 0.07 -O2 L10. O.03 1 1 21
I 17 2A5

It. . BeI line 0.24 0.01 ,9 o.:c :.6
Faging ).66 -j0.j 15.47- 06.2 4 42 W15

Indic-' of itirubin meta' ,-4iszn r.-ldated tf:- n Parameter' c-' tlhe lirshin--H d",apperarncu r%, aMt ihe

aft" 4o bx itfoal -akwi-d rem4ridicm. Th1 fa--in: '--,dier in the tiher three individ.;a!. wve tarteld after 57 hr of
total sat *ric Tr4flftirt1

'The p1 mctPtarte lim ied f•tw nl. cmjugated lt1ii and amluited itinihin i' he 'eann s-
oni evem to eikht satnpl- 4wa-ined durinhg the .dy

`W
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plasma conjugated bilirubin during fasting. centration in the 5 subjects was 188f. -
which forms a small percentage of the total whereas the mean change in the carbln
increase. may also be due to decreased monoxide production rate was only -24's.
hepatic clearance, although this could not The coefficients of variation seen on several
be studied by the present method.

The rate of carbon monoxide production
was measured in 5 additional subjects
during fasting (table 2). Carbon monoxide i ] , ,
and bilirubin are both produced by cata- ,,. h'i,.
bolism of heme compounds'.' An in- -

crease in bilirubin production resulting 9 ,,"",• , •
from increase-d heme degradation wiil be C.. a, lie 0.40 3.0
accompanied by an eqruimolar increase in I-ising 1.1_ 2.8
carbon monoxide production. "" although M. (. Base line 1.57) :1.-!
the convemse may not be true." SinLe the m.c. einec 0.81 :01.6

plasm-a unconjugated bilirubin concentra. FaPhting L7:1.6
ion li directlu y proportional to the plasma ..L . -e linne (t .7. 3.7

bitirubin turnover." earbon monoxide Fawling 090 3.09
r'oduction must change hy at least the it H. Han.e line S. ,1 4.0

same percentage as the plasma bilirubin rialting 1.34 4.3
concentradon during fasting- if augmented .
herne degradation alone is to account for , 0.2 0. 1 23.5-.

the increae. This was not observed. The Fw~ting 1.10 0. 3.6 .5

mean increase in the plasma bilitrbin con- 'The pl dwarance of lCG during fwipn8 is -is

cqnipared with comnrol dea-arne. The hase line tudZEN
T ua•,u 2. Carbo ni roo'ziz~d, tio was done foloming an 8-hr (overnight fast imidniat to Ma
TAW.2. r i- 8 Ai. FAch subject Was thea fasted an addititnai 4S

hr and the fasting study vas performed. Tkere was
~ '-" ~ no diffetrenc in the plavon half-life of IMG during

)..o•'•, M ,i,. t •ting -nn.i.ved with iase line.
______ r,^The total plzasma hiliruhin oarcentration is the

"" mean ,- -t le4 tw ,,mies obtained duriny the
.1. V. He line -9 J -'2.2

ase lire o &3 " lo;g 14.6

I After-24&hr fast 2.01 :013 1_'42

LH. i Ibae li m ~ L O 0i After 45-hr ftt4 1 1.34 I-15 L._i

. Aftr 4F-h, f,• lq 3
F--. P, a,, lin 1 ' SUN 9.2

I .fer 4Vhr fagt o0.9t 7.1 16.9
Aft.ae2line o1.59 i078 1•.1

i After4.15-Trfat 2.. % I1I;19.O

Ine catbm motoxide pr;'tuctioo vnat durng
fmsing is compared with that during ad libitum caloric . A
intake. A closed mthireth- %,s~tern was wsqcd in AS**
mcasure the CO pnxductinn rate. All Ntudie4 ftiep for. 1. Mwe plasm-ia di!sapjx u,-am of harabin-111
.bos• in P, B. wer.pecformed on ¢c -unilTeday. in ,Afh*tl 1. S. while fasting 6 t-Wipar•d with It-at

""The total plqm•a hilitun gconctra-hm;ion i the drhtingad libitum tA-krintake lhaestudiy. mdi.
meian of at least two samples bainine during the %idziu, data pointts are .-hmnw as a fruxcitq of the V1
sttstty. travobL'd vahle at rem lime..[he 2.-. i4 J*i rrp.,

-A Noe line pla hitirubin mctqmtvam i %--a, sent etnputer filts t the data. The d•*-.a di ,- AM
i :w cstahl6,Ji. mier rmie of itirAn- 'H defiewed with fivaing.[ °

I
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replicate determinations af the base line C-
carbon monoxide production rate in two
individuals were - 9t , and ±16%. These.I
results suppott the hypothesis that a re- ar"!

duction in hepatic bilirubin clearance is
"mainly respotsible for the hyperbillit-bi- ] ,.N
nemia of fasting. Q,"

The plasma disappearance rate of ICG .<"
was determined in 5 subjects in the base - --
line state and during fasting (table 3). Since , "
ICG is extracted from the plasma by the-
liver with an efficiency of 13, to 88%. meas-
urenment of its plasma disappearance rate Ur
has4 been used to estimate hepatic blood
flew indirectly.'--*t In the individuals -hi.

studied there was no difference in the .. -..
plasma clearance of ICG in the fasting slate --

compared with control values. These re- : _
suits indicate that a decease in hepatic !
blood flow does not occur during fastLng. -- A

The total plasma bilirubin coacentratiorn
in each of 9 homozygous Gunn rats with un- Ys, 2 The Aasma dearance cf bilirubin.¶i in
conjugaited hperbGlirubineunia increased ra G wm em! decreases d&ring tinas

imid,,,tu.ning to cxmtro.l -alui ,wn refeediwg. 4bividual
during fasting. The base line concentration do pointsare rioaaa (taciw, odthe atrapolated
in these rats was 10.0 ±i 5 trg per 100 ml value at zero time, The least Npares fits to the. bill-
'mean uso. Tiring 48 hr o" fasting. the nzbinH clearance data duringu ad libitum tcalci in.
mean pl&ama bilirubin concentration in- take and f(aing arm fAwmii•k the solid lines and
creased by 41% (range. 12 to 8WO) of the da&-h-d h',ws respeti-v

t.. u, 4. Wz lir, conp-••n: •.n&g- iuring Atine

:~ ~ ~ ~ 2 ! 1"• 0.2 1.6 1 0. (V- ZL 0.014 0-0 0.22, 26 1 V6i09, OV; .3
M-•,I I o11 2= 91 249.• 12 10.2 11.8- 0 .69 O -. txi 0. 19 O.A0-Pw-ta- t-tg41,-ski1 f

-_____-__ fbn.dtIO .... n1

______ r_ -,__ I.....:.- tn li lf! r. gdtn I tr

I4 3.0 0. 1 -2.4 O.MI _____ If.7 0.3"2 1 1 50 2 1.8 0. 1 )0.72 i49 U l.6 L:;0±0.7174 2Sf6 6,A 0. tt.7 2.-i 5 0.l 1 ..9 0 1.2

-13 6 4 0.2 0.2 11O .2l9

=-= ev- n group; of 4 rats eac v•vt t•,d in these --udiks. Vehl, s We ld ate the mean ! -x (at the et-ire
A.' "•P. GMUip- 1. 4. and C1 V-Vft C•t~r, 0rl. CM ul IPS G n ,. an',d A m¢e udir'd after 4A hir ot it~t alor-x mgritri-

Sfirm. ivttL Grup 3 v*-.t fqlstd fo•r 4A8_ fir. then refld for 418 hr beoregutld.

N-u

-4 - -- _

Wtnh r.vwi-rmr



I
--ontrol v-ah'se. In 1; rats wh*kh weret~ asted 48 hr of fiix4 lg (see table 4). The e-m-en-

7 ~an adrli,;' A 2'4 hr there was, a further in- tration of pruli~en in tfle liv.er rs~e- opproxi-

2.it I was a Thi~ fenaewha total lsame aegh inStrntF tot"a) li wrotern conatieity pera
e)~tl aisiui dcrased y rat avongt of I5. II f C e gram of lrti iver (wet cbanghte.

per.1ig tis'! Hat(, 2r wasting9.g whereas wthet- h ge. bIdentbical chaange. dnleata ro
man biiz-aobinr ro, se'aightl fro 40',6 ta perotein and %rajet~ere .,intent toexurre in
4171. c h rc~Ma unvro h t Gunn orparts dena fasting. aTh anatges np~t

Lacibled hbijrub~n pol. dtce -,iudis L.r 2deflruine h glctific se trnif eirastivivi irubAl
terrmoWos.(1in lope ar te plshoai din f-tw mae Spretinwichuc is t ldriver fsin.~ weethe

'41'~ 0.37 wit a tota odl same aseezo iotg. prten -ansd er~thei pers
piast biliu am!OA Axer a ntrat~ 2f d5.ring gor- am of tauouutei ldnn chulun iMi t
nper P",lri iwta. P t e 2 at weras d Ia 19gcn. ih nge biliubii s hepatice data MM. t nd
a iin26 e dyin znet-mci 1 - 14. to mg2 per day nsbed.veesu~etdit iii

tml- 'aMe fnrefedin. Thes t rnoer of~ th oa oprmna nis6in an te o
animble who-h ltck Poolhi glironyl deieteseii -r ahoi iiu
traseraeinntlope tf thet a decrae Iiiil th e tinthc altere (W fisn." Th

rat and OXirbi cuay in rat 2 duringl tor-pzlo mtpe iiui *jti
andplailothe intrake. ine te delrassma unco chng wit aV het2jtl0ric uitx~ Cf.~!kr andtex.
0.226 erda hiiin ratI wi-nt rtion M hiv pe day ~ ~V4-j~ti-£
in rat during fasting. wit retur to1'4~ con.f- it'Iiitwn

trnsfmale indiatue that rat dceae itres le .,a .

xlaive w height easy 24 to 0. curddrn he pTgn ncwtFaý :1. irao Tof'. wIsnuzied too illor ffula.

bi Airubi convIuit pratnion wh i'i' .f bjiij.J coo- u
ain __ _140rait i i t-M 0... vj ýt) :%N

o c.r durin fasting . Ahicb a r the~ "oIci-ms tar~~ rac! I -C'e ono
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travas-cular extrahepaic pool AI~ (if' un- maty thus indicate an incre-ased rate of
conjugated hilirubin. The fractional hepatic hemce degradation. If tihis also re-
transfer rates between pciols are depicted fleets increased hepaitic bilirulan produc-
on figure *3 ass X', In each individual a deC lion, the portion of hepat~r hiliruhbin pro.
crease in the ratio M2 :Af1 occurred during (luction which eircuitate- in the plasma priorM
fmsting. indicaiing that the ability oif ihe to excretion in the bile would contribute
liver to extract bilirubitt from the plasma to the hyrperbilinxbineýrni: of faisting.2 ' It
WVas redSuced by fasting (table 5). 'rhis db- is necssay to point out, however. that an
creas-e ir, the ratio iof pooil s-izts was a.<.soci- increase in the rate -)f varn.on monoxide
ated with a dfcreas-e in the fractional prAdtctiers does not alway-s mean that there
trans~fer rate oif bilirubin fromn plasmna to is an increasze in bilirubin prodluction. Ian-
liver U.Iand/'or an increase in the fine. daw et al."' showed in r-ats with expeti-

lon.l tasfer rate fromn liver to ptlasma miental jxorphyria that hepatic herne .may bie
T 'he factional rate which represents dlegraded along nonibilirubin pathways.

conjugation. X,, deervaseti by 33', in Uk~ewise. Sz~iiacter et al." have dki~rrihed
subject K. S. during fasting hut was un- a mnechanism for the degradation oif heme
changed or increased in the other 4 sib- and herioproteiln which result-. in the for-
jects. The ratio vo .I ,-a unchani'ed mation of carbon monoixide but var;able
in 2 subject.. (luring- farsting compamred with amounts of bilirubin.
base line. and slightly decreaiied in the The physiological alteration whict- A
other :1 subjects-. causes- the olecrease in hepatic bilirubin

clearance dturing faisting. seers,s to he in.
Discusiondependent oif the base line clearance rate,

and plasma biliu'ubin concentration. In 2
The hyperbilirubinernia of fasnting may subjects- with Gilbert's syndromie(K. S. and

be due to either ai decrease in hepatire H. G. in table 1). base line hepatic bili.
clearance of bilirubin fromi the plasma or rubiti clearance was well below the normal
ain ikicrease, in plasnia bilir-ahis. turnover re. range previously descrihed.% *Three- other
,ultin~g from itivreas.ed bilirubin production individuals (C. G.. L. S.- an-, B. C.; had

(;ra combinatinn t-f hoth;. In this inves-ti- values- for clearance which were within the
gat ion evidence has been prtesented wvhich normal range,. Subject L S. had a plasma

indicates that a reducition in hepatic bili. bilirubin concentration which was only 101,

re-sponsible ('rthe increase in the plasma biliruhnin clearance was :1-fold greater. Yet
bilirubin concentration, both individuals had nearly identical per-

Measumrn~ents of the ra-te of carbon centztge changes in both thr plasma bili-
monoxide production in human individuals rubini concecramtion and hepatic bilirubin
during fastiing (table 2). while supportin~g clearance with fhs~ting. Muiticompartmen.
the hypot~hesis that reduced hi-patic bili- tal anal-sis, of the bilirubin, clearance data
rubin cle-arance is mainly responsible for demonlitrated that the~ ratio of the bepatic
tie h~verbilirubinemia of faisting. suggest bilirubin, pooxl to pkLma bilirubin pootl de-

th t a~icesdr'eo eedgaation creased in each individual during fasting
may- als occur. Bakken et al." htve in Itable i
fact showvn in rats that the activity offieptwic It is unlikely that hepatic bilirubin
heme oxv'genasse. the enzymne responsible clearance decreasses with fasting bvtause

-oihecnver -o of hemne to bilirun and Afadces nhpti lo flow. In order
carbon rnonoxidsi. is increased byv fatsting to explain the magnitude 4~ the increas;e i-a
arnd iiy hormiones releas~ed (luring hiypo.- the plasma bitirtibin concentration, a
gl-mer~ia. The production of carboni narkodi reduction in hepatic blotid flow
monoxide-1 C froin hemne Labeled with would be necess--;ary. This. would cztose a
0%ycine-2-1"C is Also increased.- The in- dezrease intepam laac f C(G.
creased rate of carbon moituxtioe p-oduc- since the plasma disappizarance rante ofs
tion observed in our suhjecs during fasting ICG c75ers an indirecl imeasumrement of he-
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patic blood flow which correlates very well affect ihe binding of bilirubin to al:'mmin.
with direct measurements." I I---2 Such a increase markedly wit'.fn 24 hr of fasting
decrease was not observed in five individ- and return rapid!y to bas-e line values on

efuals (table 3). refeeding. 7 ' Altho~ugh the plasma concen-
A decrease in the activity of heptwic bili- tration of free, fatty" acid-, attained during

robin g!ucurcnvi t-ansferase is alsto unlikely fasting is not sufficient to cause, disrJace-
to explain the hliper~ilirtibinernia tof fasting. ment of bilirubin from albumnin in vitro,"
The demonstration that the plasma NUNi- Owa free fatty acids might conmpete effec-
rubin concentration increases with fasting, tively with biliirubin for- the hepatic cy.to.
in Gunn rats which lack this enzymne, direct plasmik binding proteins. since t;ie liver1Kmeasurement of bilir~jhin glucuronyl trans- actively metabo~lizes free fatty acids during
ferase activity in homogenattes of male fasting-
Sprague-Dawle~y rat liver (table 4). and Man% other change% occur with fasting.
multicompartmental analysis of human bili- and further work will be required it) define
rubin clearance data (table 5) indicate that the reason why hepatic bilirubin clearance
a decrease in the activity of this enzýyme decreases. Stich investigation should add to
doesq not explain the increase in the plasma the knowledge of bilirubin nietaboilism.
bilirubin concentration during fasting.

Two hepatic cytoplasmnic protein fracti-ns RFRNF
which hind bilirubin and other organic 1. rWhern A. 1-term-dwr M: ,;ur It--% viat~ows tie I.-
anions have been described.2 ' However, cholenmic physiti1.uighpi. Plrt-se %led 14:21rJ 211.
the turnover rates of these proteins (half- IO
Iilmes of 19 days and 42 hr)27 are too long to 2. liarrett : 11: llrerbiliruhinvmnia M fitstitig. -IAMA
account for the rapidity of rise in the pla.;nia "

-1, -er [IF. Rickard 1). Redeker AG: The re.
bilirubin ct-ncentration during fasting. even t4

if sntheis f th proein toped ith chirmiTOl rPL-ti..n b-tue¶11 caloric intake and the
ifasyting. f h roer tpedwt dextee of hvperilirulhinemia it, (;llhrt-nT

fasting.drosmr. N-ý- Fn-- .1 Med 251S:17t'-172. 1970'
Diminished excretion of hilirubin into. 4 ~w l.5~l :Qaittv rto n

bile during fasting c-wuld cau;se the increase dtteteinazi,-n 4U lilimbijn and conjgaled hili-
in plasma conjugated bilirubin. However. rub.n it, human -a-nini. Clin Chim Aria -.:W! 3lot

this would not explain the increase in IW192)
plasma unconjugated bilirubin. since only 5. Mai1"v if. 1Ecelvr K: The determinatior (if bili-
coinjugated bilirubin is exc. eted into bile. rWhZn %iit- the phiot.electric W-w~inirter. J1 Hi..

A merchanism to explain fasting hyper- Chemn 1 19:tA1 -z9". 1a37
bilirubinemia which is, ronsistent with ~l .,~ H ~r~I.Imr.R ta:1rpa
the data presented is: that a material forms t~la~ V~e1n id~aI aee ai.

clirmicilly stable -i1-lbilinshijn. 31 La) Cihn Mledfor increass.es) during fasting which inhibits 492 9

hepatic bilirubin clearance. Alternatively, a 7. i'vr. er I'M - ! 1). Metiker VI. rt at- Hith-
material which facilitate., hepatic l'!irubin rati ;tirniyr --udies in norrma! and path--l-,gir
clearance could be depleted. Several corn- tat w-ng bifiriuhin- C, Avin Inter., %led WR:
pounds; which may influence hilirubin me- ;:v54-t. 19GS
taholism change rapidly with fasting. For S. Berk P'D. 11Cot Hit. lilt- merr AiL. et -d; Studie-t ef
example. the plasma gluc-agon level in- iit jnthin kinetit,. in normal adult~.. .1 Clin ln~eo.z

ralses to a pe-Ak by :1 days of fasting. q ~ Z6i Ocl.1) ~wnra
9.Ctohlh.-n 11A. Hiodktey ri Ft.. -t: eeriawheseas the plasma insulin and glucoe ta : atoa 'x~vi lodb

levels d~ecrease over the sýame time pe- -;w(oCer1:611.95
riod.24 This is thought to refleci. a period 10 okr FL. JNe-il .11 Ck-I1ioin IhA: Oxyvgen and !
ef accelerated hepatic gluconeogenesis. If caim trtutd equilibria ofr hurmin Ndub hrmt-I
hepatic uplake of bilirubin is ene-.-gy-de- ý2hna 'i.pei ade~tdpr.t-

penident. such cluinger might bie important. itloodXXi:i7r4i. 1!*i
Free fatty acids, w ichhve been shour. to 11. (1.errick KI Seic- MV. LIxv CM. ci -i:. Ind4-
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liver. Alin Chim Acta 29.-2-3. -,14711 -70:54b. 197'
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